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NACA RM L54G23a 

BATIONAL  ADVISORY C O " T E E  FOR AERONAUTICS 

E O R I Z O h i  TAIL SZRFACES 

By  Rove C h a p a n ,  Jr.,  and  Ha-rvey A. Wallskog 

A ?light  test  of a rocket-propelled  model  havir?g 60° triangular 
w i r g  and  horizontal  tail  surfaces 3 percent  thick was made and data  were 
obtained on the  drag  and  stability  charzcteristics. Amlysis of  the 
date  and  cozqarison  with  other  data  on  triangular-wirg  configurations 
irdicated  that  no  severe  penalty  in  zero-lift  drag  was  emerienced 
because  of  the  eddition of a horizontal  tail and a single  vertical  tail 
to a low  drag  configuration. - 

The  trimued  drag  for a lift  coefficient  of 0.125 at e Mach nmber 
of 1.4 is 57 percent  greater  than  the  zero-lift drag for t hak  Mach 
nunber . d 

The  forcing  of  longitudinal  motions  by  lateral  oscillations can be 
a factor  in  causing a portion  of  the  low  amplitude  oscillations  in  %he 
lopxitudind  plane. 

IlLTRODUCTION 

A rocket-propelled  model  having a +percent-thick, 60'. triangular 
wTng and a 600 trizsguler  horizontal tail was  flight  tested  to  obtain  the 
stebility  and  drag  under  lifting  conditions.  The  desigE  of  the =del 
used  in  this  investigatioo  garalleled  that of a general  research  vehicle, 
used  for  zero-lift  drag  investigations,  on  which l o w  drag  coefficiats 
have  been  obtained  (ref. 1). The  primary extern1 difference  between 
the  present  model  and  the  general  research  nodel  was  the  presence of a 
single  vertical  tail uld a hcrizontal  tail;  hence,  the  present  model 
more  nearly  represerted a posstble  low-drag  airplane  config-mztion. 

. A pulsing  system  for  disturbing  the  model  in  pitch by rrovement of 
the  horizontal  taFl  at e, preset  frequency w a s  incorporated  for  the 
purpose of obtainhg the  veriatior of drag  with  lift  over  the  Mach 



number  range.  Difficulty was experienced  with  the  unconventional 
pulsing  system.  The find result  during  flight  test  was  one long pulse 
after  which  the  horizontal  tail  returned and remined at  zero  incidence. 
This  equipnent  failure  limited  the  data  obtained  from  the  flight  test. 

An analysis  of  the  flight  time  history  was  made  to  obtain  some  of 
the  basic  aerodynamic  coefficients  that  determine  the  performance  and 
stability  of  the  configuration. A portion  of  the  flight tb-e history 
evidenced  coupled  lateral  and  longitudinal  motions;  this  motion  is 
discussed in detail  in  regard  to  the  frequencies  present  in  the  flight 
record. 

The  model.  was flown at  the  Langley  Pilotless  Aircraft  Research 
Station  at  Wallops I sknd ,  Va. 

SYMBOLS 

CC 

CL 

CD 

Cm 

CY 

at 
W 

g 

chord-force  coefficient, 2 
Q ss 

lift  coefficient, CN cos a - Cc  sin a 
drag  coefficient,  Cc COS a + CN  sin a 
pitching-mment  coefficient 

stde-force  coefficient, - - & t w  
!s qs 

yawing-moment  coefficient 

normal  acceleration as obtained  from  accelerometer,  ft/sec2 

longitudinal  acceleration  as  obtained from accelerometer, 
ft/sec2 

transverse  acceleration  as  obtained  fron  accelerometer,  ft/sec 2 

model  weigh%, lb 

accelerstlon of gravity,  ft/sec 2 

k 
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free-stream  static  pressure,  Ib/sq ft 

starldard  sea-level s ta t ic   pressure,  lb/sq f t  

velocity,  ft/sec 

dynamic pressure, 1 mM2, Ib/sq f t  

N2ch  number 

specific  heat r a t i o  (1.40) 

w i n g  area  (including  area  within  the  fuselage), s q  f t  

Reynolds number, based on w i n g  Dean  aerod-ic chord 

w i n g  mean aerodynamic  chord, f% 

longitudinzl  distame a long  body &xis from nose, in. 
radius of equivalent body of revolution,  in. 

cross-sectional area i n  plane normal t o  body axis,  in. 2 

body length, .in. 

moment of i ne r t i a  about Y-=is , slug-f t2 

momelzt of i ne r t i a  about  Z-axis, slug-ft 2 

moment of inertie. about  X-axis, slug-ft2 

inclinatio?l of principal  axis t o  longitudinal axis of model, 

2 

deg 

angle of attack, deg 

angle of sideslip,  deg 

a g l e  03 ettack of pr5ncipal  loagitudinal axis of iner t ia ,  
q = a - E, deg 

angle of pitch,  radians 

incidence of horizontal tail,  deg 

period of oscil lation,  sec - 
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t time,  sec 

NACA RM L54G23a 

G rate  of  change of angle  of  attzck, - - &, rdians/sec 
57.3 dt 

q rate of chaage of angle of pitch,  de/dt 

CnP * static-directional-stability  derivative.as  obtained  from  the 

formla C 

T1/2 tine  to damp to  one-half  emplitude,  sec 

-Subscripts: 

T trimmed,  or  nean  value 

The  symbols a and p used  as  subscripts  fndicste  the  derivative 
of the  quantity  with  respect  to  the  subscripts. 

MODEZ AN!I INS-TION 

Model  Descrigtion 

The  general  arrangement of the  model  is shown in  figure l(a) , a 
three-view  drawing of the  model.  Figure  l(b) is an  area-distribution 
plot for the  model,  showing  the  geonetric  relationship  between  the nodel 
and  its  equivalent body of revolution.  Photographs  of  the  model  are 
presented  as  figure 2. Pertinent  geometric  and mass characteristics  of 
the  model  are  given  in  table I. 

Fusehge construction was of lamimted wocd with  xetal  rings frm 
station 25 to station 120.5 and housed  an ABL Deacon  sustainer  rocket 
rator,  the  principai  power  plant. A spun  metal  nose  am3  tail  conpleted 
the  fuselage.  The  space  inside  the  nase  cone  was  utilized  to  house  the 
telemetry.  Batteries,  hydraulic  accumulator,  and  accelerometers  were - 



located  in  compartments  routed  into  the  wooden  fuselage  and  accessible 
through metal  hatches. The hydraulic  actuator fo r  the  tail  surface was 
located  inside  the  hollow  rear  portion of the  vertical  tail. 

The  wirg  was of composite  wood  and  metal  construction,  aluminum 
overleys, end trailing-edge  inserts. The horizontal  tail  surface  was 
geometrically  sfmilar  to  the  wing  and  was  machined of solid aldnurrr. 
Tne  vertical  tail  was 8 constant  thickness  of 7/8 inch at the  juncture 
of the  straight  trailing  edge  and  the  contoured  forward  portion. 

The  pulsing  system  for  the  horizontal  tail was designed  on  %he 
principle of an unbslanced  force  existing  between a spring  and  the 
hydraulic  fluid  acting on a piston.  Since 110 measurements  pertaining 
to  the  operation  of  the  pulsirg  system  were  telemetered,  reasons  for 
improper  operation  tiuring  flight  could Bot be  ascertained. 

Instm-entation 

The  model  contained a standard NACA eight-channel  telemeter  which 
transmitted  continuous  flight  measurements of angle of attack, normal 
acceleration  at  the  center  of  gravity, n o m 1  acceleration  at  the  nose, 
transverse  acceleration,  longitudinal  acceleration,  horizontal  tail 
position,  free-stream  total  pressure, and a reference  static  pressure. 

Model  position  in  spsce  was  determined from an SCR 584 radar 
trackhg wit and  nodel  velocity w&s obtzined  by  use of a CH Doppler  veloc- 
imeter  unit.  Atmospheric  data  were  obtained  from a raiiosonde  released 
just  prior  to  model  flight.. 

TEST PND PJKLYSIS 

Test 

The  nodel wes launched  at a_n- elevation  angle or" approximately 60° 
utilizing a mobile  launcher.  Figure 2(b) is a photograph of the  model on 
the  launcher  and  shows  the  5.0-inch  high-serformame  air-to-ground (B?AG) 
rocket  motor  used  for a booster.  The  boostbr  propelled  the  combination 
to a Mzch  number  of  zpproxinetely 0.3 at  which  time  the  sustaiaer  rocket 
motor  fired,  separating  the  model and booster.  The  model  Ettaiced a 
maxinun Mach  nunber of 1.51 at  sustainer  burnout. 

The  velocity of the  model  from  radar  was  corrected  for  the  curved 
flight  pzth  and  this  in  conjmction  with  the  atmospheric  data  from  the 
positiol?  radar  plots  was  used  to  compute  the  Mach  r-uniber.  The  static 
pressure from raaiosonde  data  ana rdar position p lo t s  was  used  for  all 
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data  reduction. A check on the Mach number  by  use  of  the  total  pressure 
and  static  pressure  was  =de  and a maximum disagreement  in  Mech  number 
of 0.03 was  obtained  from  peak  Mac3  nuqber  to a Mach  number  of 1.42. 
Data  corrections  were  applied  in  accordance  with  the  accepted  procedures 
as are  given  in  references 2 and 3. 

Figure 3 gives  the  variation of the  test  conditions  with  Mach num- 
ber  for  the  power-off  portions of the  flight. In figure 3(a), the 
Reynolds  number  is  based  on  the  nean  aerodynamic  chord of the  wing. 

Analysis 

The  analyses  are  based on the assmption of  constant  coefficients 
in  the  differential  equations  of  motion  which  in  turn  are  for small 
disturbances  from  trim  conditions. 

Oscillations  of  the n o m 1  ecceleration and angle  of  attack  were 
anelyzed  by  use  of  the  nethod  presented  in  reference 4. Oscillations 
of the  lateral  accelerometer  were  analyzed by the  use of the  formula 
presented  in  reference 5. 

The  periodic motion recorded by the  ncrmal  accelerometer  after the 
horizontal  tail  returneci  to  the  zero  incidence  position  was  not  easily 
identified.. A repetitive  pattern  on  the  accelermeter  trace  indicated 
that a steady-state  type  of  motion was occurring.  Since  the  lateral 
motion  was of sinusoidal  cheracter, any forcing of the  motion in the 
n o m 1  plane should also  have  sinsuoidal  characteristics. A harmonic 
analysis of %he  normal  accelerometer  trace I&S made  in  order  to  separate 
and  identify  the  frequencies  present on the  record.  The  numerical 
methcd , Runge's  schedule , presented in reference 6 was used to accomplish 
the  harmonic  analysis. 

Accuracy 

The  telemetered  dzta  are  believed  to  be  accurate t o  within fl percent 
of  the  full-scale  range of the  respective  instruments.  Converted to 
coefficient form, the  probable  errors  in  the  basic  coefficients  and  angle 
of attack  are as follows: 

. 

. 
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A portion of the  errors  presented  in  the  aforementioned  table  are 
introduced  by  possible  errors  in  dynamic  pressure. The error  in  dynamic 
pressure  is  estirmted  to  be  less  than 0.28 lb/sq in. at  subsollic  speeds 
and  less  thsn 0.50 lb/sq in. at  supersonic  speeds.  The  possible  error 
In Mech  number is of the order  of f0.02. This error c&n Ln part  explain 
the  discrepancy  in Mach cumber  between tbt computed from total  pressure 
ard thzt obtained  from  radar. 

RESULTS &WD DISCUSSION 

Performance 

Figure 4 presents  the  variation of the  horizontal  tail  incidence 
with  Mach  number.  The  solid  line is Tor power-off  flight  and.  the  broken 
line is for  power-on  flight;  below M = 1.06 the  tail  incidence  remained 
at zero for  the  sower-on  condition. hlysis of the  data wes patie from 
various  portions  of  the  record  where  the  model meuvered. 

Longitudinal  trim.-  Figure 5 shows  the  trim  characteristics  of  the 
model.  The  solid  lines  are  the CL and a trim f o r  the  power-off 
portion of the  flight. The broke??.  lIne  is  the  trim  angle of attack for 
the  power-on  condition,  and, et Mach numbers  less t h m  1.1, it  represents 
the  trim  attitude  necessary  to  counteract  the  pitching  moment  caused  by 
the  rocket  motor.  Tne  power-on  curve  'is sho-m for  the  purpose  of 
relatirg  the  attitutie  of  the  model  to  the  lzteral  stability  durlng  the 
accelerEting  portions of the  flight. 

The chmges in  trim angle of attack  for  the  power-off  conditio=  are 
a  primry result of the  changing  incidence of the  horizontal  tail. The 
charges  in  trim  lift  coefficient  as  coctrasted to the  changes  in  trim 
-le-of-attack  are  additiomLLy  affected  by a changing  lift-curve  slope. 
The transonic  region  was trwersed with 110 abrcpt  changes  in  trin  for 
the low ar-gles of attack of this t es t .  

- L1f-L.- Figure 6 is a plot  showing  the  variation  of CL CN 
with a during khe two  mazeuvers  czused  by  the  moving  horizontal tail.  
The Ekch number  and  horizontal-tail  position  corresponding  to  the  lift 
and  angle  of  attack  are  shown b- the  figme. 

. 

Figure 7 is a plot or" the  slopes of the  sgainst a curves  as 
a  fwction of Mach number.  Additional  points of C k  were  obtained 
from  low-range a, variations  at  the  subsoeic  Mach  numbers  ard  are  also 
shown in  Tigure 7. 
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For comparison a curve of f o r  an airplane  configuration cLa 

having a 60° triangular wing but no horizontal tail i s  shown in  f igure 7. 
This  curve is fron  reference 7 and is f o r  a model with  a  6.5-gercent- 
thick dng, 6 = 0' aad power-off conditions. An additional corngarison 
is  provided by the  c-me  labeled  reference 8, which is  for   the wing plus 
wing-body interference.  This curve is for  configuration A from refer- 
ence 8 and these data agree  very w e l i  with  the  low-lift  data from the 
present test .  The supersonic C L ~  seems t o  agree in  level  with  the 
date. fron  reference 7; however, the  transonic  level i s  somewhat higher. 

Drag.-  Presented in   f igure 8 are the power-off drag  coefficients 
plotted as a function of l i f t  coefficient f o r  M = 1.32. The lift 
coefficient and tail-incidence  values correspond t o  those sham i n  
figure 6(b) and additional  points  for M = 1.49 are included. 

A single value of the  indzced  drag  parameter dCD/dCL2 = 0.51 
ai; M = 1.32 w a s  calculated by ut i l iz ing  the curve  presented i n  figure 8. 
This value of induced  drzg  corresponds t o   t h e  trinmed  value  since  the 
t a i l  deflection 6 was changing slowly. Untrimmed induced drag 
neaswemnts were presented in  reference 7 fo r  a delta-wing  configuration 
where the  elevon  controls -were char-ged abruptly  fro= 6 = Oo t o  6 = -9' 
snd in  reference 9 fo r  a delta-wing model  which 'had an unswept horizontal 
t a i l  that w a s  pulsed  a3ruptly from 8 = -1.16' t o  6 = -5.43O. From 
these data est imkes of the trimmed dCD/dCL2 were obtained. 

The untrimed value of dCD/dC12 for   the tailless delta-wing  nodel 
of reference 7 (6.5-percent-thick w i n g )  varied from approx-tely 
0.35 (6 = 0') t o  0.40 (6 = -go) and the  es t imted  t r imed  value was 
about 0.6. Fcr  the  delta-wing model with an unswept t a i L  ( ref .  9) , the 
untrimmed dcD/dR2 varied from about 0.2 (6 = - 1 . 1 6 O )  t o  0.3 (6 = -5.430) 
and the estimated trimmed value w a s  approxirrately 0.4. Hence, it appears 
that, although  the indxced drzg  obtained from the  present model was high, 
it cowares  fzvorably with other tests, since it is lower than  the 
correspoding  value  estimated  for a tailless model  and higher t h n  that 
obtained from a madel  which h d  a~ unswept t a i l  that was relat ively 
larger and placed  farther  rearwzrd. 

The riximux L/D obtained  fron  the  present test was 4.4 a t  a 
v d u e  zf CL of 0.12 compared with 7.0 reported i n  reference 1 for a 
mcdel with  the s&ze wing-fuselage  combination but  with a different 
empennage. The low value of (L/D>,, from the  present  test  was a 
resu l t  of the  high tr inmed induced drag, whereas the  reference data 
ut i l ized untrimmed values of dCD/dCL2. 

. 
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I l lus t ra ted  in figure 9 are  the measured drag coefficients  plotted 
against Mach nuxber.  Corresponding t r i m  lift coefficients  are shown i n  
figure  5(a) . The point on figure 9 labeled  zero-lift  drag was obtained 
by extrzpolating  the  drag  polar of figure 8 to CL = 0. A t  Mach nwioers 
below about 1.3 the  nezsured &rag data  presented correspond  very nearly 
t o  zero-lift  drag. T-e dashed l ine   in   f igure  9 labeled  reference 1 is 
the  zero-lif t   drag of the general  research  vehicle which w a s  the same 
configuration as tha t  or" the gresent test excegt  for  the empemmge.  The 
s o l i d  l ine   in   f igure  9 is t h e   e s t k t e d   z e r o - l i f t  drag  for  the  present 
t e s t  and was obtained by drawing the curve  through the  zero-lift  drag 
point (from the  drw  polar)  ar?d pa ra l l e l  t o  the  drag curve of the refer- 
ence model. From f igae  9 it is  appaeEt that the zero-lift  drag 
penalty caused by the change in   t he  enqennage w a s  about 0.0020. Fin 
drag f o r  the  reference model was experhentally  determimd to be  about 
0.0012 at supersonic  speeds. The increments in drag from the  estimated 
zero-lift  drag md the meesured dreg points  are  indicative of the drag 
due t o  lift for  8 = -8O of the  present model. The trimmed drag and 
lift coefficients which resulted from a tail deflection of 6 = -8' at 
z Mzch  number of 1.4 were 0.0282 and 0.125, respectively. ThLs drag 
increaent  corresponds t o  57 percent  increase  in  drag  to  obtain e l i f t  
coefficient of 0.125. 

STABILITY 

"hee primary  motions occurred dwiw the f l i g h t  tht provided data 
amenable t o  the  linear  malysis  technique. -When the  sustainer motor 
f i red,  a t ransient   osci l la t ion was induced  because of the  pitching moment 
incurred from the tk?-rust line  not  passing  through the center of grzvity 
of the .nodel. From this   osci l la t ion  the  per iod of the model was  measured 
and adjusted to the power-off i ne r t i a  of the model. This  period is 
plotted  in  figure  10  md is  labeled power on. When the motion of the 
horizontal t a i l  occurred, a transieEt  oscil lation followed and +he period 
of  this  oscil lEtior- i s  s lo t t ed   i n   f i gu re  10 and is labeled as the pover- 
off  period. 

Stat ic . -  The values of k, reduced from the period  curve shown 
i n  f i g w e  10, are plotted as a m c t i o n  of Mach cumher in   f igure 11. 
Data from referecce 7 ( fo r  8 tai l less  configuration hzving EL different  
fuselage) are presected f o r  comparison. These dsta from reference 7 f o r  
center-of-gravity  locations of 0.2OE aEd 0.25E bracket the curve  ob-lained 
from the  ?resent   tes t  which is for  a center-of-gravity  location of 0.237E. 



DynaEic.- Two data  points  of Cmq + % were  obtained from 

analysis  of  the  damping of the  transient  oscillaticn.  These  data  points 
and a comparison  with  dsta  froa  reference 7 are shown in  figure 12. The 
comparison  shown  in  figure 12 indicates  that  the  horizontal  tail  was 
effective  for  increasing  the  damping  of a triangular-wing  configuration 
at M = 1 . 3 .  

Lateral 

For the  power-off  condition  and  the  trim  attitude  shown  in  figure 5, 
the  model  experienced  dynamically  -anstable,  neutrally  stable,  and  stable 
conditions  in  traversing  the  lhch  number  range.  The  model  oscillated  in 
yaw Trom M = 0.75 to M = 1 . 3  where  the  trim  attitude of the  model  was 
changed  by tine horizontal-tail  motion  and  the  model  becane  dynmically 
stable.  The  data  obteined  frcm  the  model  oscillations  in  yaw at the 
power-off  conditions ere ?resented in figures 13 to 16. 

The  measured  period  as a Ifunction of Mach  nuimber,  preserrted in 
figure 13, shows an abrupt  shift  at M = 0.96. This change in period 
is  nore  evident  and  distinctly  present  on a plot of period  against  flight 
tine . 

Static.-  The  static-directional-stability  derivative  Cn *, obtained P 
from  the  measured  pericd,  is sham in figwe 14 as a fwcticn of Mach 
number. This C, * curve  iadicates that a rearward shift of the  lateral 
aerodynanic  center  occurs  in  going  from  subsonic  to  supersonic  Mach 
numbers. Also indicated  by  the C * curve is a stability  increase 
between M = l.G and M = 1.15; this  increase is in a region  which 
corresponds  with  thet  in  which an increase  in  lift-curve  slope for sur- 
faces  normrally  occurs.  The C for  the  wing-fvrselage  combination, 
obtained  frcm  reference 10 for  zero a, is sho-m in  figu-re 14. The 

at M = 0.96 corresponds  to a changing  lateral  trim  at  the  same  Mach 
number. 

P 

“P 

nP 
abrupt  change  il?-  period  and  reflected  ch.znge  in C * which  occurred 

A conputation  was  made to determi9e  the  difference  in CnP* 

obtained  from e. one-degree-of-freedom  analysis  and a reduction  utilizing 
estinated  derivatives  by  the  three-degree-of-freedom  assumption.  Tne 
resdts indtcate  that  Cn * is  approximately 8.4 percent  lower  than C 
References 11, 12, and 1-3 were used  for  es$imatips  the  derivztives  and 
for  comprting  the  letera1  notions. 

9 nP 



Dynanic.- For the power-off conditions  the  laterzl  dynamic s t a b i l i t y  
as  s. M c t i o n  of Elach number, given in   f igure  15, shows a region of 
neutral  dynamic s t a b i l i t y  from M = 0.75 t o  M = 0.88, a region of 
dynanic s t a b i l i t y  from M = 0.88 t o  M = 1.0, and a region of dynamic 
ins tab i l i ty  from M = 1.0 t o  M = 1.3.  Between M = 1.3 and M = 1.5, 
the  nodel was  t r i m e d  t o  a higher -le of a t tack and w a s  apparently 
dynamlcally stEble. 

For the pover-on conditions and t'ne  model trim as shown i n  figure 5, 
no dynamic ins tab i l i ty  was appareEt as the model trsversed  the Mach 
nmber  range in   accelerated  f l ight .  

Apparently two factors were of pr-ry id luence  in  the dynamic 
s t ab i l i t y   fo r   t he  pover-on cocditions. The incl-tion of the  pr i rc ipal  
exis was favorably changed by t'ne additional m2ss of the  rocket  grain. 
The power-on t r b  a t t i tude  of khe  model was more posit ive below M = 0.90. 
Other factors  believed  to be d n o r  a re   j e t   e f fec ts ,  small center-of- 
gravity change, efr"ect of -le of attack on the  derivatives, and so 
forth.  A plot  of q as a function of Mach  nuIiiber for   the  power-on and 
power-off coMitions is sho-rn in figure 16. 

L a t e r d  t r i m . -  T.e trimned  side-force  coefficient of the  nodel i s  
shorn in   f igure  17. A significank  factor of t he   l a t e ra l  trim character- 
i s t i c s  i s  that a chnge io l a t e r a l  t r i m  occurred e;t M = 1.33 when the 
inclination of the  horizontal tai l  wss changed. This trim chmge, which 
corresponds t o  a sideslis angle of approximately i ; ,  l o  is not large in 

magnitude but irrtroduced a transient  lateral   disturbance  for  rapid  notions 
of the  horizontal tail.  Another charge i n  Cy t r i m  occurs betweer, 
M = 0.88 and M = 0.98. !This transonic lateral t r i m  change is  estimated 
t o  be of the order of 0.4O sidesl ip .  

Coupled  Motion 

Figure 18 presents a typical  time history of khe m o d e l  f l i g h t   f o r  
the low l i f t  a t t i tude ,  power-off condition. Tne sustained  notion  in  the 
tramverse  direction c a ~  be explained by a W i c  ins tab i l i ty   ' fo r   the  
l o w  l i f t   a t t i t u d e .  The not ioc  in  the cormal direction as shown by the 
noma1 acceleroneter and the  angle-of-attack neasurements is of the 
order of Lo sustained  angle-of-attack  disturbance. 2 

I n  order t o  determine the ce;use of the  disturbance ta the  normel 
plane,  the  angle-of-attsck motion w a s  broken down in to  i ts  two harmonic 
components. Figure 19 shows the exgerimental data points  taken frm the 
f l i gh t  t h e  history at E Mach  number of 0.92. The  .two sinusoidal canrpo- 
nents,  curves A and B, can  be added t o  give  the compounded motion which 
agrees  very  well  with  the  emerimental  data. Curve A has the  sane 
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frequency  as  the  lateral  motion  but  there  is a phase  shift  between  this 
motion m d  the  mation  indicated  by  the  transverse  accelerometer.  Curve B 
has-e frequency  twice  that  of  the  lateral  motioa  and  is  also  shifted  by a 
phase  angle. 

The  occurrence of motions  in  the normal plaqe  that  have  frequencies 
twice  that of the  lateral  moticn  can  be  satisfactorily  explained  by 
either  the  derivative  or  by  terms  present  in  the  equations  of 

motion  before  linearization,  such  as  the  p$  term  in  the  equation  for 
pitching  motion.  Hovever,  the  frequency  of  the  motion  labeled  curve A 
is  different  from  the  natural  pitch  frequency of the  model (P = 0.31). 
The  time  history shows the  norizontal  tail  to  be  oscillating,  but  only 
within 2 percent  of  the  full-scale  range  of 80. The  correspondance  of 
one  pitch-plane  frequency  vith  the  natural  frequency  in  yaw  remains 
unexplained and what, if any, pert  the  elastic  (spring  and rass) control 
system  plays in causing  the  oscillation  is unknomt. 

% 

CONCLUSIONS 

A large-scele  rocket-propelled  model  was  tested  in  free  flight  at, 
Mach  numbers up to 1.5. "he  xodelwhich  represented a possible  low-dreg 
airplane  configuratim had a 3-percent-thick, 60° triangular  wing  and a 
geometrically  similar  horizontal  tail  located  on  top  of a sweptback 
vertical  stabilizer.  Tfie  horizontal  taii  was  lzcated  approximately  at 
50 percent  mean  aerodynmic  chord  above  the  wing  chord  plane  and  had a 
tail  length  of 125 percent  mean  aerodynamic  chord. Fron analysis  of 
the  flight  test  data  and  coxparison  with  data  fro=  s-irrilar  configurations, 
the  following  conclusions  are  presented: 

1. No severe  penalty  in  zero-lift  drag was experienced  because  of 
the  addition of a single  vertical  and  horizontal  tail  to a low drag 
configuration. 

2. The  trimmed  intiuced  drag  parameter  of 0.51 obtained  from  the 
present  test  at a Ibch  number of 1.32 axd values  of  lift  coefficient up 
to 0.13 was high  in  ccnrparison  with  the  untrim.aed  values  obtained  from 
tests of similar  configurations  with and without  tails  but coqared 
favorably  with  estinated  trimmed  values. 

3. The trimed drag  and  lift  coefficients  which  resulted  from a 
taii  deflection of -8c at a Mach  nunber  of 1.4 were 0.0282 and 0.125, 
respectively. 



4. 'ifhe Torcing of longitudinal  notions by lateral osci l la t ions can 
be a f ac to r   i n  causing low amplitude oscil lations i n  the  longitudinal 
plane. 

Lsngley  Aeroczutical  Laboratory, 
National  Advisory C o d t t e e  for Aeromutics. 

Langley Field, Va., July 2, 1954. 
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TABLE I 

PHYSICAL CHARACTESISTICS OF THE MODEL 

Geometric 

wing:  
Area (included). sq ft  . . 
Span. f t  . . . . . . . . .  
AsDect r a t io  . . . . . . .  
Mean aerodynamic chord. f t  
Sweepback of leading edge. 
Dihedral . . . . . . . . .  
Taper ratia . . . . . . .  
Airfoil  section . . . . .  

. . . . . . . . . . . . . . . . . . .  15.9 . . . . . . . . . . . . . . . . . . .  5.75 . . . . . . . . . . . . . . . . . . .  2.31 . . . . . . . . . . . . . . . . . . .  3.50 
deg . . . . . . . . . . . . . . . . . .  60 . . . . . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . .  NACA 65AOO3 

Vertical tai l :  
Area (included) . sq f t  . . . . . . . . . . . . . . . . . . . . .  4.63 
3eight  (from  center  line). f t  . . . . . . . . . . . . . . . . .  1.67 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.60 
Sweepbeck of leadira edge. deg . . . . . . . . . . . . . . . . .  66.7 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.28 

Horizontal tail: 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.59 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Sweepback of leading edge. deg . . . . . . . . . . . . . . . . . .  60 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 
Airfoil  section . . . . . . . . . . . . . . . . . . . . .  NACA 65~003 

spm. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.92 

Mass and Iner t ia  

Fully Grain 
loaded eqended 

Moment of inertia: 
About X.=iS. Slw-ft 2 . . . . . . . . . . . . . .  5.3 5.37 
About Y.axis. slug-ft2 . . . . . . . . . . . . . .  83.9 68.2 
About Z.axis. slug-ft2 . . . . . . . . . . . . . .  83.7 68 

Principal axis incl inat im.  deg . . . . . . . . . .  1.46 1.82 
Weight. i b  . . . . . . . . . . . . . . . . . . . . .  431.0 333 96 
Center of gravity.  percmt E . . . . . . . . . . . .  21.7 23.6 

. 
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(a) Three-view  drawing. A l l  dimensions are in inches. 

Figure 1.- Geometric  characteristics of model. 
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Figure 1.- Concluded. 
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(a) Yhree-quarter oblique view. 

Figure 2. - Photographs of model. 
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Figure 3 .  - Test conditions. 
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Figure k . -  Eorizontal-tall pcsition. 
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(k )  Trin angle of etzack. 

Figure 5.- Model  trim characteristics. 



NACA RM L54G23a 

.20 I I I I I 

1 2 3 4 5 
a, &e-eg 

(a) power on. 

1 2 3 4 a,, deg 5 

(b) Power o f f .  M = 1.32. 

-8 

-4 6, deg 

0 

-8 

0 



24 

.08 

. c6 

cL,_ .04 

.02 

0 

.7 

Figure 7.- Lif-c-curve slopes. 
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Figure 9.- Measured drag coefficients and estimated zero-lift  drag. 
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Figare 10. - Period of normal o s c i l l a t i o n .  
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Figure 11. - Sta t i c   l ong i tud ina l   s t a5 i l i t y .  
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Figure 13.- Period of transverse  oscilletioll.  Power off.  
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Figure 14. - Lekeral s t a t i c   s t ab i l i t y .  Power off. 
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Figure 15.- h t e r a l  dynamic s t a b i l i t y .  Power o3f. 

Figure 16.- P r inc ipa l   ax i s  s.tti.t;ude. 

Figure 17.- Laterzl trim chargcterist ics.   Pover off. 
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Figure 18.- Typical tiae history of motion at transonic speeds. 
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Figdre 19. - Eamonic analysis of longitudiml motion. 




